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Introduction
The world demand for energy is increasing while conventional energy resources are both fast depleting and contributing to increasing the carbon footprint and to manmade induced global climate changes, making the renewable energy resources the likely alternative, with emphasis on renewable green energy manufacturing. As a consequence, the renewable energy industry is experiencing a large expansion. Nonetheless, carbon tax and emissions trading legislation are paving the way for environmental accountability and sustainability in all industries. In the light of these demands and due to significant growth of the renewable energy technologies, energy efficiency and sustainability, there is an increased demand for trained engineers and professionals in these areas. This requires the adaptation of the existing undergraduate engineering curricula to these demands from the perspective of the industry and society. There is a continuous need of new courses and laboratories to educate students to work in these rapidly developing industries. Many engineering programs developed minors and even majors in renewable energy field as teaching sustainability and alternative energy on today's engineering curriculum has become an essential feature [2] , [3] , [4] . Therefore, it is imperative to create a highly educated workforce who can contribute to overcoming energy challenges. One method of supporting workforce development in future energy solutions is to incorporate new and emerging energy technology directly into required undergraduate coursework. [5] , [3] , [6] This minor program aims to empower interested students to browse along the technological development in renewable energy technologies and sustainability and to conduct experimental work in these areas of science and engineering. This minor will allow engineering and engineering technology students to explore the principles, characteristics and operation of various renewable energy sources, storage devices, and energy conversion systems. Also, this minor is designed to interest non-engineering students (students from majors such as science policy, science, environmental studies, business administration, STEM teachers etc.) to enhance their knowledge in the fields of sustainability and green energy, so they may be able to expand their skills and also career possibilities. The new learning materials will allow our undergraduate students, to "see and feel" the emerging renewable energy technology through interactive laboratory experiments and learning modules. They also will be provided the opportunities to apply science and engineering principles (STEM) to renewable energy conversion and compare them to actual field test data. These renewable energy teaching modules will also help faculty instructors and teaching assistants to acquire new knowledge and skills in the rapidly growing field of renewable energy and distributed generation.
In following sections we discuss a series of developments and new courses included in the new minor developed in our Engineering Technology program, based on student feedback from existing courses and projects, including our senior project design capstone projects, power electronics and renewable energy courses. The Green Energy and Sustainability minor's framework, new courses and learning modules development, structure and outcomes, lesson learned and future improvements are discussed in details. Design and development of renewable energy and sustainability projects allow students to work on projects that can be relevant to current leading edge research and technology. The development, content and structure of laboratory activities and project-based learning as part of this effort to embed renewable energy into our curriculum are also presented. [7] Background and Curricular Context: ET curricula description Engineering education moves into the twenty first century charged with an environmental agenda to respond to wider changes in the society. However, the educators are regularly modifying curriculum content to embrace technological changes into the learning outcomes. On the other hand, renewable energy and sustainability are highly interdisciplinary, crossing over between a numbers of research areas, which makes it quite difficult for it to be covered in one single course. Over the past five years, our program enhanced its curricula with a wealth of undergraduate and graduate courses focusing on energy, sustainability, green manufacturing etc. The knowledge accumulated during these courses in the area of renewable energy and sustainability did lead to a "green energy" charged agenda regarding student-led term projects and culminating with capstone design projects.
The Bachelor's of Science in Engineering Technology program at Drexel University is a relatively new program when compared with the traditional engineering programs in College of Engineering and therefore its curricula was evolving rapidly as it established its niche and identity while responding to industry demands for preparing professional in the area of Electrical Engineering Technology and Mechanical Engineering Technology. The Department of Engineering Technology has been offering its Bachelor of Science in Engineering Technology (BSET) since 2002, initially as a dual enrollment option to students of Delaware County Community College and Philadelphia Community College. In fall 2004, the BSET major became available to students on the Drexel University wishing to pursue the B.S. degree on a full-or part-time basis. ET program is a 5-year BSET undergraduate program with three co-op cycles preparing engineering technology students for a career in engineering (engineers). The program is ABET accredited and requires a minimum of 187.5 credit hours for graduation (quarter based). The program's curriculum comprises the Electrical Engineering Technology (EET), Mechanical Engineering Technology (MET), Biomedical Engineering Technology (BET), and Industrial Engineering Technology (IET) concentrations. During the first three years, the program's curriculum is common for all concentrations. Starting during their junior year, students take courses in their concentration areas. In the common area, our program requires courses in the areas of both mechanical and electrical engineering technology and some of our most important core curriculum courses are presented in the figure below: In its efforts to meet the industry demands, our curricula encompassed courses that exposed students to the latest emerging technologies such as Microfluidics and Microfabrication, Nanotechnologies, Renewable Energy Sources, and Energy Conversion. However most of the core curriculum courses cannot assert an orientation towards teaching about solutions to key global technical challenges. Our ET curriculum was continuously improved and refined over several years with input from our Industrial Advisory Committee members, from our alumni and based on the feedback form our co-op employers. The education and training of the next "global engineer" was the centerpiece of these recommendations, as our graduates successfully embarked upon more and more challenging tasks and projects as they became employed. As a result of these recommendations and feedback, during the past five years, many courses were redeveloped to include learning modules and experiential activities related to renewable energy sources and sustainable green manufacturing. Our ET curricular improvements were made to meet the needs and objectives of engineering education in renewable energy and sustainability [1] , [8] , [9] .
The main objectives of these developments are related to (1) promotion of awareness of the emerging technologies in renewable energy area; (2) making students cognizant of the global challenges regarding reducing the carbon footprint in industrial setting, climate change, and other energy related issues, (3) preparing the needed high quality workforce in renewable energy systems who will develop new systems, devices and technologies for the industry.

General Framework of the Minor
As is reflected in the figure above ( Figure 1 ) the minor courses are mostly technical electives for our major while three of the courses from our minor are also core curriculum courses for the ET major. The minor can be added with a minimum of 24 additional quarter credit hours and is created to be supplementary to our ET major. Also, students from other majors (engineering and non-engineering) may add this minor to their plan of study.
The newly introduced minor in Green Energy and Sustainability will be in effect starting next AY 2017-2018, however the courses associated with this minor have been successfully taught for several years already. The main target student population for this minor would be students of all majors in College of Engineering, mainly those that would like to have a learning-by-discovery type of experience. Also, the target population would include students from other majors throughout the university, interested in pairing their major with a minor that would empower them to pursue a career with a focus or a perspective in green energy and/or sustainability. The vast majority of courses offered has common core pre-requisites and may be pursued even by non-engineering majors. Due to many complex ramification that energy related issues have upon communities and everyday life, lately many non-engineering major students such as "Political Sciences", "Psychology" and "Sociology" as well as science majors are interested in furthering their knowledge in fields related to energy and sustainability. While a Renewable Energy minor based on existing courses in other more traditional departments would require several prerequisite courses that are taken mainly by engineering students specialized in a certain discipline, stifling other non-engineering majors students from pursuing it, our minor in Green Energy and Sustainability has a broader audience, being created to give the students both breadth and depth in this field, with focus on technologies and their societal, economic and environmental impact, with emphasis on manufacturing industry.
The approach had two prongs: one was to improve the existing courses to include sustainable energy concepts to be studied and the second one was new course developments. While searching ways to incorporate the new "energy conscious" concepts the main questions that shaped our framework were: 1. Which is the best way to integrate renewable energy into engineering technology curricula? 2. What kind of knowledge should be imparted and that should be divided into several courses on renewable energy? 3. What kind of teaching methodology should we use during the course? 4. What are the advantages and constrains of project-based approach and how this approach can help to embed renewable energy into our curricula?
As stated previously, the main steps and answers to the above mentioned questions were crafted based on the input from Industrial Advisory Committee members (meeting annually), many being in leadership positions at manufacturing companies in the area and at Community Colleges from surrounding counties, and also using the co-op employers 'feedback. Also, during the past seven years, more and more capstone projects were chosen to be from energy related topics, some of them sponsored by industry partners. Some of these "energy conscious" projects won awards at Senior Design Competitions at our College of Engineering and at Research Day competitions as well for the past 3 years. The growing students 'interest in these areas was the driving force behind our efforts in developing this minor, along with industrial sponsors 'feedback regarding developing projects that address global engineering challenges as energy efficiency , water supply and sustainable manufacturing.
Green Energy and Sustainability Curriculum
The curriculum is based on core courses supplemented with a combination of technical electives, human factors, renewable energy and sustainability as well as green energy manufacturing terminology, codes and regulations, and instrumentation. The following courses have been developed by the faculty of the ET Department. It is to be noted that this is not a minor in Renewable Energy, but rather a minor in Global Studies related to energy efficiency and sustainability in manufacturing environment. This minor, while addressed to many engineering students, is also created to serve non-engineering majors students with interest in gaining knowledge and skills in this area. All courses offered are learning-by-doing integrated with well-crafted lectures. The experiential learning is proven to enhance theoretical approaches, giving students the possibility of proving the theoretical knowledge using laboratory activities, and completed by student-led projects as project-based learning. All 300 and 400 level courses have a project component complementary to experiential activities integrated with lectures. Total 25
Minor in Green
Energy and Sustainability Course no. Course name Credits Prerequisites EET 201 Circuit Analysis I 4 MATH 110, PHYS 103 EET 202 Circuit Analysis II 4 EET 201 INDE 240 Technology Economics 3 No pre-or co-requisites EET 320 Renewable Energy Systems 3 PHYS 103, PHYS 104 EET 322 Energy Conversion 4 EET 202 INDE 420 Sustainable Industrial Energy Systems 3 EET
Course Developments and Assessment
We are presenting now our existing courses, as they were improved and aligned with an orientation towards sustainability, green manufacturing and renewable energy systems.
The two courses in Circuits (I and II) -EET 201 and EET 202 are traditional to any Electrical Engineering and Electrical Engineering Technology majors, and they introduce students to the key electrical terms, basic laws and theorems of electric circuits by concentrating on Direct Current (DC) circuit analysis, power, and energy as well as providing students with an introduction to time domain (transient) analysis of R, L, C elements and energy storage in inductive and capacitive circuits. The response of source-free RL, RC, and RLC circuits are developed followed by response to constant voltage and current sources. Both courses are lecture-laboratory integrated. The objective of this hands-on lecture/laboratory courses is to introduce Engineering Technology students to fundamentals of DC and AC circuit analysis. Students will also be introduced to a set of experiments that support the principles learned during the lectures. Special attention is given to testing, maintenance, and troubleshooting of AC circuits used in industrial applications. Another goal is to enhance the students' communication skills. Therefore, a concise written report is required within seven days after completion of the lab. Students will become familiar with basic electrical instrumentation, have hands-on experience with electronic equipment, and will be able to demonstrate the basic principles of Circuit Analysis. Class discussions include practical circuits and case studies, which will lead to better understanding of the learned material. The topics studied provide students interested in the minor with the fundamental knowledge necessary for understanding the basic functions of renewable energy sources.
INDE 240 -Technology Economics introduces students to important techniques for project decisions: benefit cost, present worth and annual worth analysis, rate of return, MARR, capital budgeting, risk analysis, the firm's cost of capital, and depreciation. This is a writing intensive course. The main objectives of the course are to develop an understanding and an appreciation of the environment in which engineering economic decisions are made relative to an objective of maximizing shareholder wealth, especially for technology based organizations. Also student will be required to study the specific techniques of capital evaluation projects. Other course objectives includes equipping technologists with basic economic analysis tools and the concept of the time value of money, introducing students to mathematical models to solve capital budgeting decisions and to study computer solutions to various economic problems including interest rate, present and future worth, rate of return, benefit cost analysis, risk analysis, and depreciation. The course ultimately prepares students to analyze financial information and prepare one case report that relates to the course topics.
Student Learning Outcomes of the course include what students should be able to do after the completion of the course:
• Explain the nature and the fundamental concepts of engineering economic decision making.
• Create and interpret computer solutions related to financial decisions, namely, NPV and IRR analyses, the cost of capital, PW and FW, the interest rate etc.
• Differentiate and understand the main four financial reports which are produced by the firm.
• Solve engineering economic problems using algebraic formulas, financial calculators, MS Excel spreadsheet, and tables provided in the textbook.
• Apply the time value of money concept and discount and/or compound cash flows pertinent to a specific project properly.
• Make financial decisions that impact shareholder's wealth in a positive way, and to precisely and specifically defend their decisions.
• Communicate financial decisions effectively to senior management.
Our first renewable energy technology (EET 320) was offered in the spring quarter of AY 2008-2009, as a three credit-hour course. The course presents the various sources of renewable energy including wind, solar, and fuel cells as potential sources of energy and investigates the contribution they can make to the energy profile of the nation. The students calculate energy savings and environmental impacts through life cycle assessment for most energy efficiency methods in order to identify and assess energy conservation opportunities. In addition, the students demonstrate the appropriate usage of energy monitoring and measuring equipment commonly used by energy specialists and energy auditors. The course is taught as a lecturepracticum with an emphasis on clean energy and energy efficiency both in class and in laboratory.
Initially the course was focused only towards wind and solar electric power systems since they have shown a steady growth over the past decade and also projected a high growth in the future. As hands-on experience a photovoltaic systems project was included to reinforce the renewable technology ideas. Most of the areas taught were lecture based with very little practicum exposure. However, the course was steadily improved as it gained interest from a variety of students from different majors across the college. More laboratory components were added on and more topics were included. The course was assessed in several instances and its ratings were above 4.0 out of 5.0 on Likert scale. [1] The topics studied include the study of "Solar energy and photovoltaic power systems", "Wind energy and wind energy conversion systems", and "Energy storage devices and fuel cells". The new topics introduced were "Introduction to energy systems and resources" "Energy, sustainability and the industry", "System integration: wind-solar-PV", "Thermal Imaging", "Industrial Energy Efficiency" and "Energy Audit". The assessment is culminating with a project based learning using a newly introduced project using "GaBi LCA Simulation" regarding Green Energy Manufacturing. The laboratory activities part is comprised of nine activities that accompany each topic developed during lectured material. Therefore, there will be a separate activity regarding Solar cells, Fuel cells and Wind power as well as an integrated system laboratory activity. Also, there are three lab activities related to energy efficiency and LCA simulation with GaBi.
Upon successful completion of this course, the students learning outcomes are:
• Describe the main sources of energy, energy efficiency, and their primary applications in the US and the world. • Describe the challenges and problems associated with the use of various energy sources, including fossil fuels, with regard to future supply and the industry.
• Evaluate economic efficiency and compare small scale energy projects using major economic measures of pay-back period, simple rate of return, net present value, and internal rate of return. • Evaluate manufacturing energy consumption and determine methods to increase energy efficiency. • Relate properly their hands-on laboratory experiences to solving real world clean energy and energy efficiency engineering problems.
Another course related to renewable energy systems is EET 322 -Energy Conversion, also a three credit hour course offered in quarter system (10 weeks). The course covers the fundamentals and the principles of electrical machines and transformers, with an emphasis on their application and installation. The course covers transformer, DC, AC and special machines. Novel energy conversion techniques such as Fuel Cell and Batteries are also discussed. The topics covered during this course introduce the student to magnetic circuits and transformers, to study the basic components, construction and principle of operation of electric machines, electric machine performances, and characteristics. Another important objective of this course is to equip the students with basic experimental and modeling skills for handling problems associated with electrical machines, and to give them an appreciation of design and operational problems in the electrical power industry, and to study the characteristics, equivalent circuits, performance and methods of control of electric machines. They will also be familiarized with the various areas of applications of electric machines, especially with the applications in the emerging areas of renewable energy sources. Practical activities help students to investigate the electrical and electromechanical characteristics of transformers, three-phase circuits, and various types of DC and AC motors and generators.
Two new courses have been proposed and developed. Their full implementation will start during next academic year (AY 2017-2018) as learning modules and laboratory activities are still under development.
INDE 420 Sustainable Industrial Energy Systems is three credit hour course that enables students to understand the basics of energy supplies and uses, and how energy may be used more efficiently in industry. The course teaches students to use process integration methods and tools necessary for identifying and designing efficient industrial energy systems that contribute to sustainable development. The course addresses use of methods to identify the cost-optimal mix of different energy process technologies to satisfy a given process energy demand. Technical energy systems encountered in the course include electrical, thermal, and mechanical energy systems. INDE 420 is a course stemmed and supported by a DOED grant in Education in Green Energy Manufacturing and it is a natural continuation of ET efforts to develop and integrate into the new and rapidly growing field of renewable energy management and sustainability, mostly geared to industrial applications. This course, along with existing courses in renewable energy, will enable student to gain skills required to thrive in these rapidly expanding fields.
The objectives of this course is to provide students with an understanding of the principles, operation and analysis of industrial energy systems, components and their characteristics; to help them develop an understanding of the technical and some economic aspects of a wide range of current and future technologies for energy generation, inter-conversion, storage, and end usage. Students will gain experience and develop the ability to critically evaluate prospects and Fuel cells have been a part of the space program since the 1950s and the NASA Gemini missions. However, they have only relatively recently entered the public consciousness amid discussions of reducing harmful emissions and reducing dependence on fossil fuels. Fuel cells show promise in both of these areas primarily as replacements to internal combustion engines, with a couple of important caveats. Photovoltaic solar cells are solid-state devices that convert sunlight directly into electricity. They are currently making a significant contribution to total electricity production, and are expected to become a major source of energy in the coming decades. This course will provide students with a working knowledge of the science, technology, applications, and economics of both fuel cell technology and photovoltaics, using a combined lecture and learn-by-doing instructional activities.
INDE 422: Applications of Fuel Cells and Photovoltaic Technology:
The course introduces the students to solar energy, fuel cell systems and its industrial applications and covers fundamentals of fuel cells technology and photovoltaic energy. The fuel cell component is focused primarily on PEM fuel cells and the development of systems level models of fuel cell stack operation. The photovoltaics component provides students with a working knowledge of the science, technology, applications, and economics of photovoltaic. The course will integrate lectured material with learning by discovery integrated activities. Course materials will cover solar radiation, solar thermal collectors, passive solar house heating and cooling, active geo-solar heating systems, and physics of photovoltaic cells, physical models of solar cell operation, characteristics and design of common types of solar cell, and approaches to increasing solar cell efficiency. An introduction to fuel cell design, system integration and operation will be presented with a vast majority of emphasis on the polymer electrolyte fuel cell systems. The main objectives of this course are: to develop an understanding of the principles, characteristics, operation and analysis of fuel cells and photovoltaic solar cells, including photovoltaic effect and the description of the silicon solar cell, to develop an understanding of the fuel cells thermodynamics including heat potential of a fuel: enthalpy of reaction and temperature dependence relations as well as work potential of a fuel. Students will be introduced to fuel cell efficiency concepts as well as to fundamentals of electrochemical reactions and how they differ from chemical reactions, to brief introduction into fuel cell reaction kinetics. Overview of fuel cell types and systems and fuel cell system integration will be studied along with alternative solar cell materials and devices and integration of photovoltaic systems: Integration of modules into a system with power management, energy storage, ac power generation, connection to the electric power grid. In this course we focus on enabling our students to understand economics of solar energy, economics of electricity, return on investment, tax incentives and subsidies, trends in renewable energy and photovoltaics and environmental and societal impact of fuel cells.
Conclusions and Future Work
We are implementing starting the next AY 2017-2018 our newly approved minor in Green Energy and Sustainability as an addition to our major in Engineering Technology. The minor is addressed to all students from College of Engineering as well as non-engineering major students interested in pairing their major with a minor that will enhance their perspective on both energy efficiency and sustainability in manufacturing and industrial environment. The minor is comprised of 6 courses: 4 existing courses and another 2 new courses, totaling 25 credit hours that may be added to their major program credit requirement with the possibility of having 2 overlapping courses. This minor offers a greater visibility of our ET program and may be able to attract more students towards our programs. While the minor is still a work-in-progress, only two of the courses are newly introduced to our program. The continuous assessment of the more mature courses included in this minor with successful results gives us the confidence that this minor will be smoothly implemented. Based on students 'feedback, as well as on the increased interest of students across the university regarding our courses above mentioned, our minor will provide students with the needed understanding of the current status of the newest technologies and practices in green energy manufacturing.
The already implemented courses have been fine tunes and improved in several iterations to match the course objectives and the student learning outcomes in conjunction with industry and with renewable energy educational goals. We expect that the newly learning modules and experiential activities to be developed in the future to be subjected to the same strict assessment, following the a-k ABET criteria. As most of the courses have not only lab-based activities but also project-led learning, students were closely monitored and assessed, using rubric appropriate evaluation, linking student learning outcomes (SLO) with their learning and assessment activities. Therefore each activity and its learning objectives were mapped to a-k abet as well as to SLO for the course. Similar mapping will be developed as well for the new courses.
